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ABSTRACT 

The North American Space Div is ion  (NAR) Phase B Space 
S h u t t l e  Propuls ion  and Power mid-term review i s  d e s c r i b e d  and 
d i g a s s e d  h e r e i n .  The review p resen ted  t h e  r e s u l t s  of t r a d e  
s t u d i e s  and recommended b a s e l i n e  conf igu ra t ions  f o r  t h e  fo l lowing  
subsystems: main r o c k e t  propuls ion ,  a t t i t u d e  c o n t r o l  and o r b i t  
maneuvering propuls ion ,  a u x i l i a r y  power, e l e c t r i c a l ,  and hydrau l i c .  
The new b a s e l i n e  w i l l  be  used i n  t h e  c o n f i g u r a t i o n  p re l imina ry  
des igns  which are t o  be performed i n  t h e  f i n a l  p o r t i o n  of t h e  
Phase B s tudy .  

Many of t h e  t r a d e  s tudy r e s u l t s  w e r e  based on conf igura-  
t i o n s  which w e r e  p re sen ted  a t  t h e  t i m e  of t h e  q u a r t e r l y  review. 
S ince  t h a t  t i m e  t h e  v e h i c l e  gross l i f t - o f f  weight  has  i n c r e a s e d  
s i g n i f i c a n t l y .  
based on e x t r a p o l a t i o n s  of t h e  ear l ie r  c o n f i g u r a t i o n  t r a d e  s tudy  
r e s u l t s .  S e v e r a l  recommendations p a r t i c u l a r l y  i n  t h e  on-orb i t  
p ropu l s ion  area, a l though probably va l id ,  do n o t  appear  t o  be  
based on clear c u t  s u p e r i o r i t y .  Never the less ,  t h e  recommended 
systems f o r  pre l iminary  des ign  should be s a t i s f a c t o r y  t o  o b t a i n  
t h e  overa l l  a i m s  of t h e  Space S h u t t l e  Phase B a c t i v i t y .  

The p r e s e n t  b a s e l i n e  recommendations a r e  p r i m a r i l y  
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1 . 0  INTRODUCTION 

The North American Rockwell Space Div is ion  (NAR) p re-  
s e n t e d  t h e i r  Phase B Space S h u t t l e  Propuls ion  and Power 180-day 
mid-term reviews a t  MSC on January 13  and 1 4 ,  1971.  The p ropu l s ion  
and power reviews w e r e  two of many " s p l i n t e r  group" meetinus each 
of which w e r e  concerned wi th  major t e c h n i c a l  d i s c i p l i n e  areas. 
The main purposes  of t h e  mid-term review w e r e  t o  p r e s e n t  t h e  r e s u l t s  
of t h e  systems t r a d e s ,  recommend r e v i s i o n  t o  t h e  s tudy  b a s e l i n e  and 
select  t h e  c o n f i g u r a t i o n s  and subsystems t o  be c a r r i e d  i n t o  t h e  
p re l imina ry  des ign  phase which i s  t h e  major e f f o r t  of t h e  second 
h a l f  of t h e  Space S h u t t l e  Phase B s t u d i e s .  

1 

The subsystems areas and trade t o p i c s  covered i n  t h e  
p ropu l s ion  and power s p l i n t e r  group meetings2 w e r e  as fol lows:  

1. Main r o c k e t  propuls ion  system ( M R P )  

2 .  A t t i t u d e  c o n t r o l  propuls ion  systems (ACPS) 
t r a d e  s tudy  r e s u l t s  

3 .  Separa t e  on -o rb i t  maneuvering systems (OMS) 
t r a d e  s tudy  r e s u l t s  

4 .  Aux i l i a ry  power u n i t  (APU) , e l e c t r i c a l  and 
h y d r a u l i c  system b a s e l i n e  d e s c r i p t i o n s .  

'A summary review of t h e  e n t i r e  Phase B mid-term s tudy  
s t a t u s  was p re sen ted  t h e  a f te rnoon of January 13 ,  1 9 7 1 .  Those 
h i g h l i g h t s  a r e  recorded i n  "Space Div is ion  North American Rockwell, 
Phase B Space S h u t t l e ,  Mid-Term Review, MSC, January 13,  1 9 7 1 , "  by 
C. Bendersky, da t ed  January 1 9 ,  1971.  

2The a i r b r e a t h i n g  engine system t r a d e  s tudy  r e s u l t s  are 
p resen ted  i n  a s e p a r a t e  s p l i n t e r  meeting he ld  t h e  prev ious  week. 
The r e s u l t s  are desc r ibed  i n  " S h u t t l e  Ai rbrea th ing/Propuls ion  
B r i e f i n g  by North American/Convair and S h u t t l e  A i rb rea th ing  Pro-  
p u l s i o n  Subpanel Meeting a t  MSC on January 6 ,  1971," by J. J. Schoch, 
dated January 2 0 ,  1971.  
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The General Dynamics As t ronau t i c s  Company (GDC) under 
s u b c o n t r a c t  t o  NAR i s  r e spons ib l e  f o r  t h e  b o o s t e r  v e h i c l e  s t u d i e s .  
A s  such GDC personnel  r epor t ed  t h e  s tudy  r e s u l t s  on t h e  above t o p i c s  
f o r  t h e  b o o s t e r  conf igu ra t ion .  

This  m e m o  d e s c r i b e s  the  p r e s e n t  p ropu l s ion  and power 
b a s e l i n e  recommended f o r  i n c l u s i o n  i n t o  t h e  p re l imina ry  des ign  
phase and d e s c r i b e s  some of t he  background l ead ing  t o  t h e  p r e s e n t  
b a s e l i n e  s e l e c t i o n s .  

2 . 0  PROPULSION AND POWER BASELINE RECOMMENDED FOR PRELIMINARY 
D E S I G N  

The NAR Space S h u t t l e  Phase B s t u d i e s  are p r e s e n t l y  
scheduled t o  provide pre l iminary  des igns  of t w o ,  2-stage f u l l y  
r ecove rab le  c o n f i g u r a t i o n s  having e s s e n t i a l l y  t h e  same b o o s t e r  
des ign  matched t o  e i t h e r  a l o w  cross range (LCR) o r b i t e r  o r  a 
h igh  cross range (HCR) o r b i t e r .  The b o o s t e r  c o n f i g u r a t i o n  i s  a 
s i n g l e  body canard d e l t a  wing conf igu ra t ion .  
a d e l t a  wing and t h e  LCR o r b i t e r  a s t r a i g h t  wing. Table 1 l is ts  
t h e  g r o s s  l i f t - o f f - w e i g h t  (GLOW) of bo th  p r e s e n t  HCR and LCR config- 
u r a t i o n s  and f o r  r e f e r e n c e  l i s t s  t h e  t o t a l  GLOW of t h e  HCR and LCR 
c o n f i s u r a t i o n s  a t  t h e  t i m e  of  t he  q u a r t e r l y  review. S i n c e  t h a t  
t i m e ,  due t o  changes i n  s tudy-base l ines ,  t h e  HCR GLOW has  i n -  
c r eased  from 3.8 M l b - to  4.8 M l b  and t h e  LCR GLOW has inc reased  
f r o m  3.5 fi l b  t o  4 . 4  M l b .  
w a s  t h e  s u b s t i t u t i o n  of JP -4  fue led  a i r b r e a t h i n g  engines  f o r  t h e  
p r e v i o u s l y  ground-ruled hydrogen f u e l e d  systems. These l a r g e  
i n c r e a s e s  of GLOW'S r e q u i r e  a concomitant i n c r e a s e  of t o t a l  g ros s  
l i f t - o f f  t h r u s t .  NAR proposed t o  o b t a i n  t h i s  i n c r e a s e  by u p r a t i n g  
( r e s i z i n g )  t h e  t h r u s t  of t h e  i n d i v i d u a l  MRP engines  whi le  maintain-  
i n g  t h e  s a m e  t o t a l  number ( 1 2 )  chosen f o r  t h e  LCR b o o s t e r  des ign  
as p resen ted  du r ing  t h e  90-day q u a r t e r l y  review. A t  t h a t  q u a r t e r l y  
review t h e  engine s e a  level t h r u s t  w a s  b a s e l i n e d  a t  415 K l b  t h r u s t .  
To  main ta in  proper  l e v e l s  of take-off th rus t - to-weight ,  a s e a  l e v e l  
eng ine  t h r u s t  l e v e l  of 540 K l b  f o r  t h e  HCR b o o s t e r  o r  500  K l b  f o r  

t h e  LCR b o o s t e r  i s  now recommended. Two-engine i n s t a l l a t i o n s  
f o r  bo th  t h e  HCR and LCR o r b i t e r s  are proposed. For o r b i t e r  use  
nezzle e x t e n s i m s  wculd be added t c  t h e  sea l e v e l  engines  CGX- 
s i s t e n t  wi th  base  dimension l i m i t a t i o n s .  The HCR o r b i t  p ropuls ion  
would then  provide  6 2 0  K l b  vacuum t h r u s t  and t h e  LCR o r b i t e r ,  
574 K l b  vacuum t h r u s t .  Acceptance of t h e  NAR M R P  u p r a t i n g  recom- 
mendations would have a m a j o r  impact on t h e  on-going M R P  Phase B 
s t u d i e s  and t h e  p lanning  f o r  t h e  F Y I 7 2  MRP Phase C/D procurement. 

The HCR o r b i t e r  has 

The major cause of t h e  weight i n c r e a s e  

31t was i n f e r r e d  t h a t  NAR would r e q u e s t  t h a t  t h e  LCR 
c o n f i g u r a t i o n  be dropped from t h e  Phase B s tudy .  



4 
-4. BELLCOMM, INC.  - 3 -  

The b a s e l i n e  reference mission used i n  t h e  t r a d e  s t u d i e s  
of bo th  LCR and HCR conf igu ra t ions  i s  p resen ted  i n  F igu re  1. The 
o r b i t e r  t r a d e  s t u d i e s  w e r e  used t o  s i z e  t h e  ACPS t h r u s t e r s .  The  
b o o s t e r  ACPS w a s  then designed t o  use  t h e  same t h r u s t e r  hardware. 
The o r b i t e r  conf igu ra t ions  had a p a r t i a l l y  i n t e g r a t e d  ACPS and OMS. 
That i s ,  al though t h e  ACPS and OMS t h r u s t e r s  were d i f f e r e n t ,  many 
of t h e  p r o p e l l a n t  supply and f u e l  systems e l e m e n t s  were common and 
func t ioned  i n  both ACPS and OMS o p e r a t i n g  modes. F igu re  2 p r e s e n t s  
t h e  ACPS/OMS c h a r a c t e r i s t i c s  and Figure  3 d i s p l a y s  t h e  t h r u s t e r  
l o c a t i o n s  f o r  bo th  t h e  s t r a i g h t  wing LCR and d e l t a  wing HCR o r b i t e r s .  
F igu re  4 d i s p l a y s  t h e  common tankage p r o p e l l a n t  requirements  f o r  t h e  
HCR o r b i t e r  and shows t h e  usage breakdowns f o r  ACPS and OMS. The 
tankage system i s  a l s o  t y p i c a l  f o r  t h e  LCR o r b i t e r .  The o r b i t e r  
ACPS have twenty-nine 2100 l b  t h r u s t  t h r u s t e r s  o p e r a t i n g  a t  300  
p s i a  chamber p r e s s u r e  us ing  l i q u i d  p r o p e l l a n t s  supp l i ed  from gas  
g e n e r a t o r  d r iven  turbopumps. 
as s u b c r i t i c a l  l i q u i d s .  The OMS turbopumps are used t o  provide  h igh  
p r e s s u r e  l i q u i d s  d i r e c t l y  t o  the  OMS t h r u s t e r s  and t o  gas  g e n e r a t o r  
and h e a t  exchanger components i n  which LH2 o r  LO2 a r e  g a s i f i e d  

and s t o r e d  i n  accunula tors  a t  1000 y i a .  nu r ina  OMS o p e r a t i o n ,  
gases  from t h e  accumulators are supp l i ed  t o  t h e  tankage t o  p r e s s u r i z e  
t h e  p r o p e l l a n t s .  The accumulators are d ischarged  t o  5 0 0  p s i a  be fo re  
it i s  necessary t o  r e f i l l  them. 

The H2 and O2 p r o p e l l a n t s  a r e  s t o r e d  

The t h r u s t e r  l o c a t i o n s  and l i n e  schematic  of t h e  b o o s t e r  
ACPS are shown i n  F igure  5. The boos te r  ACPS has  2 2  of t h e  same 
t h r u s t e r s  ( 2 1 0 0  l b  vacuum t h r u s t )  chosen f o r  t h e  o r b i t e r s .  The 

system i s  s i z e d  t o  provide  lo6 lb -sec  of impulse f o r  a t t i t u d e  
c o n t r o l  wi th  a 150  lb-sec  minimum impulse b i t .  The ACPS propel-  
l a n t s  are s t o r e d  as s u b c r i t i c a l  l i q u i d s .  S u f f i c i e n t  c a p a c i t y  i s  
provided t o  supply t h e  boos te r  a u x i l i a r y  power systems. The b o o s t e r  
ACPS and APU systems are i n t e g r a t e d  and use  t h e  same gas  g e n e r a t o r s ,  
turbopump and accumulators as i s  shown i n  F igure  6 .  The turbopumps 
are r equ i r ed  t o  have 1O:l t h r o t t l i n g  t o  s a t i s f y  both  ACPS and A P U  
du ty  c y c l e s .  The b o o s t e r  A P U  w i l l  be f u r t h e r  desc r ibed  i n  a 
succeeding paragraph. 

The o r b i t e r  power generation system b a s e l i n e  i s  descr ibed 
i n  F igu res  7 and 8. The e lectr ical  power system i s  designed t o  a 
f a i l  o p e r a t i o n a l / f a i l  o p e r a t i o n a l / f a i l  s a f e  (FO/FO/FS) c r i t e r i a ,  and 
t h e  A P U  s y s t e q t o  a FO/FS c r i t e r i a .  The o r b i t e r  A P U  system i s  
completely independent of t h e  ACPS and has  4 u n i t s  d r i v e n  by 
gaseous O2 and H2 gas  gene ra to r s  which a r e  s i z e d  t o  provide  

139 HP for  t h e  LCR o r b i t e r  or 1 7 3  HP f o r  t h e  LCR o r b i t e r .  Both 
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p r o p e l l a n t s  are stored as s u p e r c r i t i c a l  f l u i d s .  E lec t r i ca l  
h e a t e r s  l o c a t e d  i n s i d e  t h e  p r o p e l l a n t  t anks  provide  t h e  energy 
t o  main ta in  t h e  s t o r a g e  p res su res .  The HCR o r b i t e r  and t h e  LCR 
o r b i t e r  h y d r a u l i c  system conf igu ra t ion  i s  shown i n  F igure  9 and 
Figure  1 0 ,  r e s p e c t i v e l y .  Four independent 4000  p s i a  systems were 
s e l e c t e d .  A g e n e r a l  d e s c r i p t i o n  of t h e  systems is  p resen ted  i n  
F igure  11. 

The boos te r  APU requirements a r e  d i sp l ayed  i n  F igu re  1 2 .  
A s  mentioned p rev ious ly  t h e  boos te r  ACPS and APU are i n t e g r a t e d .  
F igure  1 3  d i s p l a y s  t h e  ACPS and APU equipment l o c a t i o n .  ( A s  shown 
i n  F igure  1 3 ,  t h e  b o o s t e r  environmental  c o n t r o l  system (ECS)  i s  
a l s o  p a r t i a l l y  i n t e g r a t e d  w i t h  t h e  ACPS and A P U . )  F igure  1 4  i s  
a schematic  of t h e  APU and inc ludes  a weight  estimate of t h e  system. 
Each APU i s  r a t e d  a t  487 HP. F igure  15 p r e s e n t s  a load p r o f i l e .  

3 . 0  COMMENTARY 

The NAR and GDC p r e s e n t a t i o n s  w e r e  comprehensive and 
d e t a i l e d .  However, m o s t  of t h e  de t a i l ed  t r a d e  s t u d i e s  w e r e  based 
on t h e  c o n f i g u r a t i o n s  presented a t  t h e  90-day q u a r t e r l y  review. 
Apparently t h e s e  r e s u l t s  w e r e  then e x t r a p o l a t e d  t o  t h e  p r e s e n t  
h e a v i e r  c o n f i g u r a t i o n s .  However, I cannot q u a r r e l  w i th  t h e  NAR/GDC 
s e l e c t i o n  of b a s e l i n e  concepts o r  subsystems. Although NAR and GDC 
d i d  select  common ACPS t h r u s t e r s  and probably w i l l  choose a common 
APU, t h e  b o o s t e r  and o r b i t e r  s t u d i e s  w e r e  c a r r i e d  o u t  independent ly  
and t h e  r e s u l t s  n o t  f u l l y  coordinated.  I b e l i e v e  t h a t  c loser  coor- 
d i n a t i o n  between both  companies may provide a f r u i t f u l  improvement 
i n  t h e  a c t u a l  system des ign  which i s  t o  be t h e  major remaining 
e f f o r t  of t h e  Phase B s tudy.  

3 . 1  ACPS 

NAR provided s u f f i c i e n t  eng inee r ing  d a t a  t o  show t h e  
s u p e r i o r i t y  of t h e  h igh  p res su re  ACPS concepts  over  t h e  l o w  
p r e s s u r e  concepts  which use pas s ive  h e a t  exchangers.  The con- 
c l u s i o n s  w e r e  based on t h e  90-day q u a r t e r l y  conf igu ra t ion .  
Thermodynamic s tudy  r e s u l t s  showed t h a t  t h e  l o w  p r e s s u r e  boos te r  
tank mounted h e a t  exchangers could n o t  func t ion  s a t i s f a c t o r i l y  
fer s h o r t  ascent  modes, e.g., 100 nm due East,  or  i n  a once- 
around a b o r t  mode. These r e s u l t s  combined w i t h  t h e  admi t ted  
h e a v i e r  weight  of t h e  low P c  s y s t e m  was s u f f i c i e n t  t o  j u s t i f y  
s e l e c t i o n  of t h e  h igh  p res su re  pump-fed ACPS.  
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3 . 2  Separa t e  OMS 

Sepa ra t e  OMS engines  w e r e  c l e a r l y  shown t o  be weiqht  
and c o s t  s u p e r i o r  t o  us ing  the  same ACPS t h r u s t e r s  f o r  OMS 
ope ra t ion .  
conf igu ra t ions ,  b u t  have enough margin t o  be conclus ive .  The 
s e l e c t i o n  of t h e  type  of OMS engine and t h e  va lue  of OMS component 
i n t e g r a t i o n  wi th  t h e  ACPS i s  not  as c lear  c u t .  For example, t h e  
OMS t r a d e  s t u d i e s  compared new engines  w i t h  RL-10 engines  or  i t s  
d e r i v a t i v e s .  The r e a l  c r i t e r i o n  which favored t h e  new engine selec- 
t i o n  over RL-10's  was based on a s p e c i f i c a t i o n  of 2 0 , 0 0 0  l b  minimum 
OMS t h r u s t  t o  assist  o r b i t e r  a b o r t  i n  an o r b i t e r  one MRP engine-out 
f a i l u r e  mode. This c r i t e r i o n  e s t a b l i s h e d  t h e  d e s i r e  f o r  t h r e e  
1 0 , 0 0 0  l b  t h r u s t  engines  (one OMS engine-out F/O c r i t e r i o n )  and 
r e q u i r e d  t h r e e  RL-10's (or  2 new up ra t ed  2 0 , 0 0 0  l b  t h r u s t  RL-10 
d e r i v a t i v e s ) .  On t h i s  b a s i s  t he  new 1 0 , 0 0 0  l b  engine w a s  l i g h t e r  
and more cost  e f f e c t i v e  than  the  RL-10. With a new M R p  t h r u s t  
engine  under cons ide ra t ion ,  a r e v i s i o n  of  t h e  p r e s e n t l y  s p e c i f i e d  
M R P  maximum emergency power l e v e l  (EPL) may now be considered.  A n  
upward r e v i s i o n  of only 1 percent  EPL would reduce t h e  minimum one 
engine-out OMS t h r u s t  t o  1 4 , 0 0 0  l b  and would a l low t h e  use of t h e  
p r e s e n t  15,000 l b  t h r u s t  RL-10. Thus a 2 RL-10 OMS would s a t i s f y  
t h e  p r e s e n t  one M R P  engine-out a b o r t  c r i t e r i o n  a t  a s i g n i f i c a n t  
weight  and cost sav ings .  This op t ion  should be considered p r i o r  
t o  f i n a l  OMS s e l e c t i o n .  

Again t h e s e  t r a d e  s t u d i e s  w e r e  based on t h e  q u a r t e r l y  

The va lue  of OMS/ACPS subsystem i n t e g r a t i o n  w a s  n o t  
convinc ingly  proven. The opt ion  of completely s e p a r a t e  systems 
aga in  should be k e p t  open p a r t i c u l a r l y  a f t e r  t h e  boos te r  and 
o r b i t e r  ACPS/APU s t u d i e s  are reviewed f o r  commonality impact. 
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